(109) of cytotoxic A. hydrophila or P. shigelloides failed to cause diarrhea in rhesus monkeys. Volunteer studies or intestinal biopsies of patients with diarrhea may be required to establish whether A. hydrophila is a gastrointestinal pathogen in humans.
Although the role of Aeromonas hydrophila and Plesiomonas shigelloides as enteric pathogens has not been proven conclusively, diarrheal diseases thought to be caused by A. hydrophila (14, 16, 22) and P. shigelloides have been described (21) . In the United States, Von Graevenitz and Mensch (22) reported two cases of diarrhea associated with Aeromonas isolates in the stool, but they also recovered these organisms from the stools offive asymptomatic individuals. In recent years numerous authors have published reports of acute, occasionally severe diarrheal syndromes associated with the recovery of Aeromonas species in the stool (16, 21, 22) . These illnesses were usually self-limited, and in most cases other possible etiologies were excluded. A recently reported case of a patient with prolonged diarrhea associated with repeated isolation of A. hydrophila from feces in the absence of other enteric pathogens, with recovery after appropriate antimicrobial therapy, provides further evidence to support the enteropathogenicity of this organism (14) . On the Indian subcontinent, Aeromonas species have been implicated in episodes of cholera-like disease (3, 17) , and P. shigelloides strains have been implicated in two large epidemics of diarrheal disease in Japan (21) . Although the rate of asymptomatic bowel carriage has been reported to be very low (2, 11, 17) , there have been few attempts to compare the prevalence of aeromonads in patients with diarrhea with the prevalence in controls without gastrointestinal symptoms.
To determine the enteropathogenicity of A. hydrophila and P. shigelloides, we compared the prevalence of these organisms in different populations of Thais and Americans in Thailand.
Isolates from patients with and without diarrhea were examined with assays previously used to evaluate enteropathogenicity of other enteric bacteria. (4) . A. hydrophila and P. shigelloides were tested for mannose-resistant hemagglutination of human (group A) and bovine erythrocytes (9) .
MATERIALS AND METHODS
P. shigelloides isolates were tested for agglutination in Shigella grouping antisera (Difco). Isolates that agglutinated in Shigella antisera and cytotoxic A. hydrophila strains were tested in the Sereny test (20) .
In vivo tests. Whole cultures (109/ml) of A. hydrophila or P. shigelloides were tested for their ability to distend ligated rabbit ileal loops: after 7 and 18 h (15) and 3-to 4-day-old suckling mouse intestine after 4 h (6). Tissue sections of suckling mouse and rabbit ileal loops were fixed in 10% Formalin, Giemsa seen in mouse intestine. Ten cytotoxic A. hydrophila strains were also negative in the Sereny test (20) .
Eight of nine cytotoxic and none of five noncytotoxic A. hydrophila strains caused distension in ligated rabbit ileal loops after 18 h. Two of the cytotoxic strains which distended rabbit intestinal loops after 18 h also caused distension after 7 h. Exposure of rabbit intestine to eight cytotoxic A. hydrophila strains caused epithelial damage of the villi associated with a polymorphonuclear infiltrate extending through the muscularis mucosa (Fig. 2 ). Bacteria were found in the subepithelial space under intact mucosa (Fig. 3) . The one cytotoxic A. hydrophila strain which did not distend rabbit intestine also did not cause epithelial damage of the mucosa.
Monkeys fed 109 cytotoxic A. hydrophila after 24 h of starvation and oral administration of sodium bicarbonate failed to develop diarrhea over the ensuing 5 days. To decrease any interference by the normal aerobic stool flora, another five monkeys were treated with trimethoprim and sulfamethoxazole twice daily for 5 days and then infected with 109 cytotoxic A. hydrophila.
None of these monkeys developed diarrhea.
None of 27 P. shigelloides strains tested was cytotoxic to Y-1 adrenal cell tissue cultures, hemolyzed rabbit or bovine erythrocytes, distended suckling mouse intestine after 4 h, or distended ligated rabbit intestinal loops after 18 h. An isolate from an individual with severe diarrhea did not cause diarrhea in five rhesus monkeys. Twenty-six percent (7 of 27) of P. shigelloides isolates did agglutinate in group A and D (2 isolates), C (1 isolate), or C and D (4 isolates) Shigella grouping antisera; however, none of the cross-agglutinating isolates was positive in the Sereny test (20) . DISCUSSION Aeromonas spp. are frequently isolated from tropical or subtropical water supplies contaminated with nonfecal material (1, (14) (15) (16) 19) , and extraintestinal infections are often acquired from such water sources (5, 11) . Presumably, Aeromonas spp. found in stools of patients in Thailand were acquired from water since 17 (74%) of 23 canals (klongs) and all 15 drinking water jars (ongs) cultured in Soongnern contained Aeromonas spp. (unpublished data). It has been suggested that since A. hydrophila is frequently found in water the isolation of this organism from patients with diarrhea may be a concomitant variable reflecting ingestion of contaminated water along with another enteric pathogen (4) . Evidence from epidemiological studies of patients with diarrhea failed to prove or disprove the role of A. hydrophila or P. shigelloides as an enteric pathogen in Thailand. However, among U.S. Peace Corps volunteers who presumably had less prior exposure to aeromonads than did Thai populations, there was epidemiological evidence to support the role of A. hydrophila as an enteric pathogen.
Although there were no significant differences in the prevalence of cytotoxic A. hydrophila among Thais or Americans with diarrhea and those with no gastrointestinal symptoms, eight of nine cytotoxic and none of five noncytotoxic A. hydrophila strains distended rabbit intestinal loops. Distension of intestine was associated with shortening of villi and destruction of enterocytes. Others have also found that most cytotoxic strains cause distension of rabbit intestine loops (4, 21) . It is unclear whether this effect is due to cytotoxin (23) produced by a specific strain or to the presence of another unidentified enterotoxin.
Wretlind et al. (24) purified two hemolysins by isoelectric focusing from the culture supernatant of an isolate of A. hydrophila. Both hemolysins were cytotoxic to HeLa cells and human fibroblasts and caused dermonecrosis in rabbits. In a later publication, this group identified two different toxins in culture supernatants from 11 strains isolated from children with diarrhea in Ethiopia (24) . They found that neither the rabbit skin test nor the adrenal cell assay could be interpreted for enterotoxin activity since dermonecrosis or cytotoxicity produced by hemolytic or cytotoxic factors or both interfered with interpretation of the tests. Heating culture supernatants at 56°C for 10 min inhibited hemolytic and cytotoxic activity of the test sample and permitted detection of enterotoxin, presumably the cytotonic effect of heat-labile Escherichia coli or Vibrio cholerae toxin. Donta and Haddow (7) cytotoxic, effect even after supernatants were heated at 56°C for short periods of time. One of the cytotoxic strains which distended rabbit and mouse intestine was examined with a radiolabeled fragment of DNA encoding for E. coli heat-labile enterotoxin to search for homologous DNA sequences (13) . No common nucleotide sequences were detected (S. Moseley, personal communication).
When infected intestinal rabbit mucosa was examined histologically, A. hydrophila appeared to be enteroinvasive; however, sterile filtrates of A. hydrophila cultures also distended animal intestine, indicating that the cytotoxin as well as the ability of the organism to invade intestinal mucosa plays a role in the enteropathogenicity of this organism. Although both enteroinvasive capacity and cytotoxigenicity of this organism cause intestinal lesions in animal intestinal mucosa, it is unclear which is responsible for causing diarrhea in humans. The whole culture of one cytotoxic isolate of A. hydrophila did not distend rabbit ileal loops. Whether this was due to less cytotoxin formed by this particular strain or to the lack of some other enteropathogenic factor is unclear.
Attempts to induce diarrhea in primates were unsuccessful. Since A. hydrophila and P. shigelloides have frequently been isolated from monkeys in our animal facilities in Bangkok, it is possible that the animals used in these experiments had acquired some form of immunity to infections with Aeromonas spp. P. shigelloides isolates from patients with diarrhea and well controls were inert in the assays used to identify enteropathogenicity. Sanyal et al. (18) also tested P. shigelloides isolates from patients with diarrhea and found that their isolates did not distend rabbit intestinal loops. Whether this species of organism causes diarrheal disease by an unexplained mechanism is still uncertain.
No differences in biotypes were found between A. hydrophila or P. shigelloides isolated from patients with or without diarrhea. Among isolates from three groups, we found a correlation between cytotoxicity and the lysine decarboxylase and Voges-Proskauer reactions and the ability to metabolize citrate. One group of investigators (4) found good correlation between "toxigenicity" and lysine decarboxylase and Voges-Proskauer-positive reactions.
Human volunteer studies or intestinal biopsies of patients with diarrhea from whom Aeromonas spp. are isolated will probably be required to definitely established whether A. hydrophila and P. shigelloides are gastrointestinal pathogens. There is little question, however, that A. hydrophila is enteroinvasive in rabbits, and this organism can produce a cytotoxic substance(s) which distends animal intestine and causes destruction of intestinal mucosa. The pathogenesis of cytotoxic A. hydrophila may be similar to that of Shigella dysenteriae or Clostridium perfringens, although the toxins produced by these three species of bacteria are immunologically unrelated (7) .
